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i. GENERAL REMARKS ABOUT STRIKES ON AIRCRAFT */13"1

Globally, it isestimated that over the world there exist

between 2000 and 5000 storms which produce about 100 lightning

flashes per second. These storms are not uniformly distributed

over the Earth. There are about 200 stormy days in the equator-

ial regions, but in the temperate zones, tHere are only a,few

tens of storms.

Therefore, one can easily understand why aircraft which pass

near or through clouds will be hit by lightning in flight.

Statistics about the frequency of lightning strikes indicate

the following, on a global scale and at the present time:

- I every 2000 hours during flight for short and medium

runs

- 1 every 5000 hours of flight for long range aircraft.

This difference is due to the fact that the short and medium

range aircraft have a flight time per mission at low and average

altitudes which is greater than those of the long range aircraft.

The maximum of lightning strikes occurs in an altitude range

between 1000 and 4000 meters.

During their lifetime, aircraft will experience around 30

lightning strikes, and it is important that they be not subjected

to catastrophic risks, but that their damage be a minimum. The

composite structures are much more sensitive to effects of light-

ning than are metallic structures. Therefore, we performed studies

and tests to measure the risks and define protective measures.

2. LIGHTNING STRIKE MECHANISMS

Numbers in margin indicate pagination of foreign text
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Figure i. Diagram of a storm cloud.

2.1 The origin of lightning.

The origin of lightning is generally located at the level of /13-2

clouds which have a vertical dimension, such as the cumulo-nimbus

clouds (Figure i). Inside such clouds, violent air currents en-

train small water droplets. Due to friction, they are charged with

electricity. These small droplets are distributed inside the cloud

into electrical charge islands, in greater or lesser numbers.

When the electrical field E = V/d reaches a sufficient value

(about 500,000 V/m), an electrical arc is discharged between these

charges. V is the potential difference expressed in volts (several

hundreds of millions of volts in the case of lightning) and d is

the distance between the small islands.

One generally distinguishes between two types of lightning:

- lightning between clouds and the ground (30% of the cases)

- lightning between clouds or within a same cloud (70% of

the cases)
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Figure 3

For lighting £1ashes between a cloud and the ground, we

distinguish the following:

- positive discharges: starting with the positive cloud

charges (10% of the cases)

- negative flashes: starting with the negative cloud

charges (90% of the cases)

2.2 Characteristic of lightning

The electrical arc which Jumps between electrical charges

of opposite sign has two klnds of components:
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Figure 4
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impulsivecomponents

•.-maxvalue of Imsx kA 40 200

•rise tim@ (O to Imax) fm 50 * 0,I
• dl/dt KA/_s 10 !00

.drop time (Imax to Imax72)..... p, ]00 1000
•charge transfer (iat c I0 !00
integral ofaction.'_i2 at ::''.... p 106'A2.s 0,I I0

continuous current '

• max va].,_ kA I 5
• total duration ms 50 BOO

charge transfer /i at c 50 250
@

maximumvalue
i

Figure 5

- impulsive components

- continuous components.

All of the phenomena have a duration which can vary between

several tens of mi]llseconds and 1.5 seconds. The temperature

of the electrical arc is about 20,000 to 30,000 degrees K, and

has a diameter between several cm up to several tens of cm.
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Figure 8

The impulsive component A (Figure 3) is characterized by

the following:

- the time To, time from zero to Imax /13-3
di

- the rate of ascent d-T

- the time Ti, time for the mid-amplitude to be reached

- Imax

- the charge transfer Q_idt

- the integral of the action/i_dt_"

The continuous component (Figure 4) is characterized by the

following parameters:

- the duration To

- the maximum value, Imax

- the charge transfer Q =/idt

The table of Figure 5 gives an idea of the average value and

the maximum value of the various parameters for lightning flashes
i

between clouds and the ground. _!

2.3 Lightning strikes on an aircraft in flight (Figure 6) !i
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Figure 9

Figure I0
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Figure 14
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Figure 15

When an aircraft is struck by lightning during flight,

its structure passes through a current, whose characteristics

were defined in Section 2. Over certain parts of the aircraft,

the attachment point of the arc is fixed, and along other parts

it is displaced. This phenomenon is called "sweeping of the

lightning" and corresponds to the fact that the arc is fixed in

space but the aircraft is moving (Figure 7).

Over certain parts of the structure, this "sweeping of /13-4

the lightning" is translated by a succession of attachment point s.

Thus, one can define three zones on the aircraft.

- zone i: surface over which there is a high probability

that the first lightning strike will impact there

- zone 2: surface over which there is a large probability

that there will be a "sweeping of the lightning".

- zone 3: surfaces other' than those defined by zones i

and 2. These surfaces can be traversed by the lightning

current due to conduction between two attachment points.

3. CONSEQUENCES OF LIGHTNING STRIKES

The consequences of a lightning strike are of two types,

related to direct effects and indirect effects.

9



3.1 Direct effects

The direct effects are those which &ffect the structure and

which are translated into mechanical damage: Fusion points,

bursting of the fairings, etc.

This damage depends on the electrical 'characteristics of the

lightning current, and only a few parameters play an important role.

For the impulsive component

- Imax

- action integral Ji 2 dt

@_or the continuous component

- Imax

- duration

- charge transfer J idt

3.2 Indirect effects

The direct effects are those induced by the lightning current

at the level of the cabling and equipment on board (electro-mag-

netic coupling). The induced overvoltages are a function not only

of the lightning current (Imax and di_-_ of the impulsive components)
but :also of the characteristics of the structure.

The attenuation of the electromagnetic fields caused by the

shielding action of the aircraft's skin plays a very important

role.
i

4. FLIGHT EXPERIENCE--MEASUREMENT OF LIGHTNING CHARACTERISTICS

USING A TRANSALL AIRCRAFT

The characteristics of lightning discussed in Paragraph 2.2

come from measurements on the ground, i.e., for lightning flashes

between the clouds and the ground. At the present time, no char-

aracteristic values are known about lightning flashes between

l0



clouds or inside of clouds and these flashes are twice as numerous

as those which hit the ground.

In order to find out the characteristics of lightning flashes

at high altitudes, the French Aeronautical Technical Services deci-

ded to start a measurement program. The flight test center (CEV)

and the Toulouse Aeronautical Test Center (CEAT) with the0partlci -

pation of the AIA at Clermont-Ferrand and the SEFTIM, in the summer

of 1978 performeda measurement campaign in using a Transall (Figure

9). The aircraft is equipped with two four meter long booms (Figure

I0) which each carry a coaxial measurement shunt. "_/13-6

In addition to specific measurements, other parameters were

also reported (magnetic fields, skin current, overvoltage in the

onboard networks and in equipment).

Figure ii shows the phenomenon of lightning sweep for the for-

ward boom.

Figure 12 shows the attachment of the lightning >olt at /13-7
the rear boom.

During 17 flights, 13 recordings were made. The results ob-

tained showed that the measured current values are less than the

envelope of current values measured between the cloud and the

ground.

A future measurement campaign is planned for the summer of

1980.

Figure 13 shows the recording of a typical lightning bolt.

5. SIMULATION METHODS IN THE LABORATORY

The simulation of lightning in a laboratory is a difficult

technical problem at the present time: Simultaneous generation

.... _ ll



of a very high voltage and a very high current.

This problem was resolved by separating the two parameters.

A first simulator, generator of a voltage shock (Figure 14),

allows one to obtain voltage pulses. /13-8

Installation at CEAT, 5 million volts: the electrical arc

obtained is between 6 to 7 meters long and allows one to determine

the impact points and the paths.

A second simulator (Figure 15) is a current shock generator '

which allows one to obtain current pulses (installation at CEAT,

200,000 A followed by a continuous component of 500 Coulomb) .....

The current which is obtained is injected at impact points

which were determined beforehand to be in a state of a voltage

shock; it allows one to evaluate the behaviour of the structures. In

effect, it is the current which produces damage in the composite

materials.

The lightning sweeping phenomena can be realized either by the

displacement (linear or circular) of the sample or by blowing the

arc (magnetic blowing or air blowing).

6. CHARACTERIZATION OF THE LIGHTNING RESISTANCE OF COMPOSITE

MATERIALS

After demonstrating the vulnerability of composite materials

with respect to lightning, the purposes of the results presented

at this conference are the following:

- comparison of the lightning resistance of boron and carbon_

epoxy materials

- study of the influence of the matenial making up of the

honeycomb base of sandwiched structures (light allo_ or

Nomex;

12



- comparative study of protection systems•

- objective evaluation of damage

- experimental approach to the real situation: lightning

strike with sweeping

First, the tests were carried out with carbon and boron-epoxy

composites. The present experiments only consider carbonZepoxy

materials.

6.1 Comparative resistance to lightning of boron and carbon

epoxy

Because of the difficulty of experimentally obtaining an

electrical charged transfer with boron-epoxy (a non-conductor)_ we

can only compare the two materials for a current pulse (impulsive

component)°

The following two photographs show the damage obtained on

two plates having an equivalent thickness (lmm) after a 200 kA

shock without any charge transfer

6.2 Influence of the material for the honeycomb base of

sandwiched structures

The following results were obtained with coverings made of

boron-epoxy composite with a thickness of lmm, and a honeycomb

metal or nomex core.

13



Test set up: /13-9

.-T-

Characteristics of the lightning wave: 50 kA shock without

charged transfer.

The following illustrations show the following:

- top view of the damage

- a radiograph of the honeycomb

- a transverse cross section of the sample after the test.

Metallic AG5 honeycomb Nomex honeycomb _

_"_ -'l",

_:i "!_.9. _,_

(
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With the non-conducting Nomex honeycomb, the cord does not

seem to be highly damaged and, therefore, the perforation of the

covering is less.

These results were confirmed with carbon-epoxy skins.

6.3 Comparative study of protection systems

If we consider the lightning rod effect of metallic coverings

to be insufficient, the protection of composite structures can

only be obtained by making their surface conducting.

To this end, several technologies are possible:

- pasting on of small sheets or metallic strips (aluminum,

steel, inox alioys);

- electrlcal-conducting paint

- grids

After several preliminary tests in France on the various pro-

cedures, the system of bronze grills seemed to us to be the best

considering the surface mass/efficiency ratio.

A test campaign within a cooperation program with the Federal

Republic of Germany (IABG) allowed us to study in a precise way the

efficiency of this type of protection and the various lightning

bolt parameters (current shock and charged transfer).

15



- material tested: T300-N5208 carbon-epoxy, in monolithic

plates with 8 orthogonal layers (0.90 °)

- test set-up

Protection:

- bronze grids with surface mass of 47 g/m 2 - 80 g/m 2 and

250 g/m 2 (installed on a single face, on the electrode side).

All of these samples were painted.

The following illustrations allow one to compare the effi-

ciency of these protections against three types of lightning.

- 200 kA shock without charged transfer

- 200 kA shock with a transfer of 210 Coulomb

- 50 kA shock with transfer of 50 Coulomb

,O_Z_ 5 ,protection;

'electrode

i side _
N8 595 i

Shock: 200 kA
transfer 0 material: carbon epoxy TB00-N5208

8 layers (00,90 °) symmetric

16
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Inspection of these photographs allows one to draw the fol-

lowing conclusions:

The proSectlon does not seem to be in proportion to the speci-

fic surface mass of the grid; the damage obtained with250 g/m2'is

greater than that obtained with 47 and 80 g/m 2 (in particular

for the current wave). 0

Even though it is very efficient against a current shock, the

protection using a bronze grid has a small influence on the transfer

of energy (see 50 kA - 50 C shocks). '

6.4 Objective evaluation of structural damage produced by

lightning

The above photographs show that the impact of lightning on a

composite material is translated into a perforation of this plate

to a greater or lesser extent.

Visually, the appearance of this damage is completely com-

parable with what is observed when a low velocity projectile with-

out an ogive nose hits the plate.

For the carbon epoxy material_ the local loss of static resis-

tance due to the effect of stress concentration by.a loose hole

is on the order of between 30-50% (it follows the orientation of

the folds).

Numerous tests carried out up to the present time show that

the delamination of the layers torn at the edges of the holes by

fatigue wear leads to a recovery of a great part of this local

resistance loss.

From the point of view of a structural engineer, it is necess-

ary to know whether there is additional damage beyond that which

can be seen from a mechanical impact, for which the loss of local



static resistance would be equal to that caused by a smooth hole.

In order to remove this uncertainty, residual resistance tests

were carried out on samples which visually showed,no damage and

were located in a direct vicinity of the impacts.

In order to independently determine the fracture properties

due to the fibers or the matrix, tests were carried out on plates

having an orthogonal configuration (0,90 °) with the measurement of

samples which were parallel to the direction of the reinforcement

and at 45° with respect to the reinforcement. /13-12

fracture "commanded" fract_ure"co_manded''
by the fibers by t_e matrix

Four identical shocks were carried out using monolithic plates

with eight layers and a size of 400 x 400 mm, with the same test

configuration as the one shown above (see Section 6.3). Two

traction samples 200 x 25 mm could, therefore, be measured around

each of the impacts..
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The following photograph- shows the principle of measuring the

samples with respect to the impacts. This is in the immediate

vicinity of the perforation in a generally artificially black

ened zone, but in an area where we find neither cut fibers nor

burned resin.



For any of the lightning types or the types of protection,

the results of these mechanical tests do not show any damage to

the resistance, except the damage caused by the perforation

itself. ° /13-13

6.5 Experimental approach to the real lightning phenomena

with sweeping. °

The flight tests carried out on the Transall allowed us to

show the displacement of the lightning bolts over the aircraft

structure.

This sweeping effect implies a local energy transfer, which

is less than in a static experiment and, therefore, the damage pro-

duced is of lesser importance.

In order to provide the most realistic ground simulation, the

CEAT developed an experimental facility where the sweeping is

obtained by rotation of a disk which is made of the material being

tested. This rotation takes place in front of the electrode.

• •

g
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The energy is taken off through the disk axis.

Using this principle, the sweep rate is greatly limited by

the centrifugal forces and the maximum "reasonable" diameter of

the sample.

Tests could be carried out on composife material disks having

a diameter of 600 mm with a velocity of 15 km/h at the electrode.

For these experimental conditions, results obtained on sand-

wiched disks with nomex cores and carbon-epoxy T300-N5208 skins

with 8 layers showed that the damage caused by the following two

shocks was equivalent:

- 200 kA - 150 C over 0.13 seconds of sweep

- 200 kA - 50 C without sweep (static)

These dynamic lightning tests also show the influence of the

protective paint layer.

The following photographs show the effect of damage concen_

tration produced by a non-conducting paint.

Test configuration 200 kA plus 150 C over 0.3 seconds with

15 km/h sweep.

unpainted painted

22



7. LIGHTNING TESTS ON REAL STRUCTURES /1.1,3-14,,

The objective of the_e tests was to determine the impact

points and the paths of the lightning in the structure. These

tests could then be used to evaluate the efficiency of natural

lightning rods (iron works and metallic coverings of the structure)

or artificial lightning rods (conductive bands, especially

designed for capturing the lightning and for allowing its current

to pass through them).

These tests were performed at voltage shock installations.

_ditional evaluations of current shocks were necessarytto deter-

mine the real damage risks within impact zones of the lightning

and along the path of the lightning.

The fol!owing document shows the efficiency tests of a seg-

mented lightning rod band on a glass'epoxy radome.

On the_!band we can very clearly see the flow of the lightning.

This band was made up of conducting beads with a diameter of 2.5

mm and separated by 0.3 mm (attachment on a resin epoxy film

using the principle of printed circuits).

metallic
antenna support i

para-lightning

b and -_Y'

radar mockup

insulators

.........!....... 23 " "-



8. CONCLUSION

The first problems of lightning vulnerability Of composite

materials appeared on radomes in various antenna fairings made

ofl glass-epoxy. These problems were a_d still remain very com-

plex and their solution is always counteracted by the requirements

for the magnetic permeability of these types of structure_.

At the beginning of the 70's, simple protection systems such

as flashy conductive bands were systematically designed as a

first generation of high modulus composite material structure parts

(control surfaces and empennages), which did not require the mag-

netic permeability_

Considering the relatively small area of these structures,

their position on the aircraft and the extensive metal coverings

on the aircraft, the probability of a direct lightning on these

composites is very small. Therefore, heavy protective coverings

soon seemed to be superfluous for them.

The present development of applications towards much larger

structures (control surfaces, wings) with which much less metallic

surface, therefore, once again brings up the problem of the

sensitivity to lightning. In addition to direct structural damage,

we have the dielectric opening problem of the elements. There is

also the risk of the destruction of electrical circuits located

inside them. In the future, it is likely that the problem of

lightning protection of composite material structures will be

approached from this direction.

Results obtained in the laboratory on these materials show

that the effect of lightning is similar to a slight perforation •

due to mechanical impact, and that the magnitude of the damage can

be considerably reduced using simple and light protection. When

designed, this structure has to tolerate such damage. We still

have to gain additional experience on the connections, and thick

.... 24 ......



monolithic panels which could contain fuel, and experience on

lightning impact in structures under mechanical stress.



' .EVALUATION DU COMPORTEF_NT A LA FOUDRE

• b DE STRUCTURES EN MATERIAUX COF_OSITES HAUT MODULE _,_.
par

: J. ROUCHON, D. GALL

CENTRE D'ESSAIS AERONAUTIQUE DE TOULOUSE
23, avenue Henri Guil[aumet

3|056 - TOULOUSE CEDEX
France ,

RESUME.

,- Le foudroiement en vo_ d'un a_r_nef est un ph_nom_ne relativement frequent qui se traduit par des en_
dommagements volre des destrudtions au niveau, d'une part des _quipements, d'autre part _es structures et
en particulier eelles eq mat_riaux composites. ' "

Ce"document, apr_s quelques g_n_ralit_s sur la foudre, (mesure des caract_ristiques de la foudre ea
vol, _rbc@d_s de simulation au sol), pr_sente des r_suitats d'essais effectu_s en laboratoire sur des

• _chantillons (monol[thfques en carbone-_poxy, sandwichs avec rfvStements bore-_poxy), des _l_ments de
structures r_els, ainsl hue les proc_d_s de contr$1e associ_s.

l,

] - GENERALITES SUR LE FOUDROIEMENT DES AERONEFS
.!

I

'On estime que globalement, il existe dans le monde _ tout instant 2000 _ 5000 orages"produisant environ

une centaine d'_clairs par seconde. Ces orages ne sont pas r_partis uniform_ment autour du globe terrestr_.
On note en effet _environ 200:jours d'orage par an dans les zones _quatorlales, alors que dans les zones
temp_r_es on n'en rel_ve seulement que quelques dizaines. _ ..

.On,comprend d_s |ors que les a_ronefs, _voluant _ _roximit_ .ou dans les masses,nua.geuses., soient fou-
droy_S en vol. _

L_ statistlqSes, _ l'_chelon mondial montrent qU_ l'heure acutelle, la fr_quence des foudroiements
est de l'ordre de :

- 1,toutes les 2000 heures de vol pour les courts et moyens courriers.
- [ toutesles 5000"heures de vol pour les longs courtiers

Cette difference est due au fair que'les avion§ courts et moyens courrier@ ont un temps de vol par .
miss'_on"en-basse et=moyenne altitude sup_rleur a celui des longs courriers. Le maximum des foudroiements
a lieu _ une altitude comprise entre 1000 et'4000 m .

.... II. importe d'qnc, qu'au cours de la trentaine de coups de foudre que subissent les avi_ns pendant leur
_. vie, il n'encourent non seulement pasde risques catastrophiques, mais encore que les endommagements soient

minimes, Les structures composites _tant beaucoup plu_ sensibles'aux effets' de la foudre que les structures

_talliques, des _tudes et 'essais onr donc _t_ entrepris afin de mesurer les risques et d_finir des protec-
tions sp_cifiques.

2 - ME_NISMES DO FOUDROIEMENT

2.1 Origine de la foudre

"'. Z(KM "C.<

q- + I"
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+ + + + '+(/
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13-2 ° ,

L'orlglne de la foudre se _itue g_n_ralement au niveau des nuages _ d_veloppelene_n_vertical tels que
: les cumulo-nimbus (fig. I). A l'intErieur de ce type de nuages, les violents douran_s d'air entralnent
les g_uttelett%s d'eau qui par frottement, se chargent en _lectricit_. Ces gouttelettes se rEpartissent,

l'i_t_rieur du nuage, en ilots d_ charges _lectriques plus ou mo_ns nombreuX. '_
%

Lors_ue i_ c_amp _lectrique E = V/d, V difference de potentiel exprimEe en volts (plusieurs eentaines
de_millions de volts dans le eas de foudre), d la distance entre les _Ibts, atteint une valeur suffisante

_ (environ 500 000 V_m) un are _leetrique jailllt entre ees charges.

On dlstingue g_nEralement deux'types de coups de foudre :

, - ceux entre les nuages et le sol (30 % des cas)
- ceux entre nuages, ou _ I'_ _ "• znterzeur d'un m_me nua_ge (70 % des cas)_

Pou_ les coups de foudre_,. entre nuage et sol, on distingue :

_- les coups positifs : amor_age des charges _positives du nuage (IO % des eas) _'- I
" -'les conps_n_gatifs : amor_age des charges n_gatives du nuage (90 % des cas)

2

2.2_:,Caraet_rls_iques de la foudre _.

L'&re _leetrique qui jaillit entre les charges _lectriques de slgne oppos_ est eonstitu_ de deux types
.de _om_osantes :

- des composantes im_ulsionnelles
- des composantes persistantes

,[¢.

"" i A: Composantes impulsionnell_s

A B: Courants persistants

i

t: [ ';

r

'_ -fig. 2 ~

'Ltensemble du ,h_riom_ne.a une duroc qui peut varier entre qbelques dizaines de millisecondes et !,5 s,
La temperature de l'arc _lectrique, d':un diam_tre de quelques cm _ quelques dizaines de cm, est d'environ
20'D00 _ 3'0000 ° K.

I,a compos_nte impulsionnelle A.(fig.3) est caract_ris_e par :

i
":,

/

Imclx

t " TO Ti >•_ . .|

- fig. 3 ~



- le temps To, temps de z_ro _ I max "_'_/i_/,_,., le taux de mont_ei-_d_

- le temps Ti,'temps _ mi-ampl_tude

:- I max _ /

- le transfert de charge Q _ _idt '

•- l'i_t_grale d.'action /i_ z dt
La _ompos'ante'per'sistante (fig. 4) est 'caract_rls_e par

"' T r_ I[ "_

; I

. t ._
, .= TO t ,

' .......... fig, 4 --

_'
- la dur_e To "

-"la valeur max,'l max J_ /

-,le transfert de charge Q =[idt
l

Le tableau sulvant donne _ titre indicatif, une valeur moyenne et une valeur maxi de ces diff_rents

param_tres pour ies0coups de foudre entre nuage et sol.

' ' : VALEURS VALEURS
_. UNITES MOYENNES MAXIMALES

COMPOSANTES IMPULSIONNELLES

,ValeurmaximaleImax ' kA ':40 _ 200

• Tempsde'monrOe(0 _ Imax) )_s 50 * O,l

: d_i/dt " kA/ps :' tO lO0

• Temps de d_crolssance (Imax _ Imax/2) _s I00 I000

• Transfert de charge i dt C I0 I00 ,,

. Int_grale d'action /i 2 dt t_ 10 6 A2.s 0,I _ l0
°COURANT_.PERSISTANT ':
• Vai_eur! :_ ,maximale : kA I _5

• .Dur_etotale : me 50 800

• Transf,ert de charge i dt C 50 250

_t Vaieur minimale

- fig. 5 -

_2.3. Foudroiement d'un avion en vol (fig. 6)

Lor_qu un avion est foudroyfi en vol, sa structure est traversfi_ par le courant dont les caract_ris-
tiques orftfitfidfifinies au § 2.2. Sur eertaines parties de l'avion le point d'attaehement de l'arc est
fixe, alors que sur d'autres il se dfiplace. Ce phfinom_ne appel_ " balayage de foudre" correspond au fair
que ,l'are est fixe dans l'espace, alors que l'avion, lui est mobile (fig. 7).



fig. 7-

_Sur certaines parties de la structure, ce "balayage de foudre" se traduit par une succession de points
d'att_chement . On d_f£nit ainsi 3 zones our un avion : ,.

L '

- zone I : surface pour laquel.le il F a une grande probabilit_ qu'il se produise le premier impact de
foudre .

- zone 2 : surface pour laq_elle il y a une grande probabilit_ qu'il y air "balayage de foudre".
zone 3 : surfaces autres que celles d_finies par les zones Iet 2. Ces surfaces sont cependant sus-
, eeptibles d'etre _arcourues par conduction par le courant foudre entre deux points d'atta-

ehement.

,.' .,.,
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fig. '8 -

3 - CONSEQUENCES DU FOUDROIEMENT

Les consequences d' un foudroiement sont' de deux types, celIe's lieesaux effets directs et celles liees
'aux effets iridirects.

",I:, "

3.1~ Effets directs

,,', Les effets dirlicts&ont ceux occasionnes a la strueture et qui se tradu,isent par des degats mecanique's :
po~nts de fusion" eclatement de carene, etc.

Ces,degats depende~t bien entendu des caracteristiques
,certains parametres jouent un role pr~ponderant

"'-, ", . ..'
pou~ la composante \mpulslonnelle,

• Iinax " r
• Integrale d'action i

2
dt

pour la,composante persistante
tmilx' ,

• du{ee
tranllfert de charge / idt, • i

3.2. Eftets ind'irects
, .,

electriques, du courant foudre, cependant seuls

, Les'; effets irtdir~cts sont ceux induits par le courant foudre au niveau des ciiblages et equipements de
bord (coupl~ge electrom~gnetique). Ler. surtensions induites sont fonction non seulement des caracteristiquea
du coura~t foudre (I max et ~ de lacomp?oonte impulsionnelle) mais aussi de celles de la structure.

L' attenuation' d~s champs electromagnetiques apportee par effet de blindage de la peau de l' avion joue
alors' uJ :,ole tres Jmportant.

I. .' ,~ , .

4~ EXPERIE~CE EN VOL - MESURE DES GARACTER!STIQUES DE I~FOUDRE A L'AIDE D'UN AVION TRANSALL..; . '"

Les caracteristiques de la foudre donnees au pfn:agraphe 2.2. proviennent de mesures au sol, c' est-ii-dire
pour leS:- c,oups de foudre entre nuage et ,sal. On ne connatt a 1 'heure actuelle, aucune valeur des caractiiris
t:i,ques, des ,coups de foudre ,entre nuages ou a l'interieur d' un nuage, coups de foudre' deux 'fois plus nombreux
que ceuic iIilpactant'lesol.

Afin de connattre les caracteristiques de~ coups de foudre en altitude, les Services Techniques
A~ronautiques fran<;ais ont':d'eeide de 'lancer un programme de mesures. La Centre' d 'Es,sais en Vol (CEV) et le
Cllntre d' Essais Aeronautique de Toulouse (CEAT) avec laparticipat ion de l' AlA de 'CLERMONT-FERRAND e t de ,la
~EFTIM,ont,all cours de l'ete 1978 realise une campagne de rnesures A: l'aide d'un iivionTRANSALL (fig. 9). '
L'avion,a' ete equipe de 2 perches de 4'"m. de longueur (fig. 10) munies chacune d'un shunt de mesure coaxial.



'" _" _"fig. 9 -
,, :,,, . ,, , , :'

Outre ces mesures sp_iflques, d'autres param_tres onu _t_ en'registr_s.(champmagn_tique, courant de
peau, surtension..dans les rgseaux de bord et sur _quipements) _.

2';7 /
" //4:t! I I

m

I
- fig. I0 -

: La::figure I1 montre ie ph_nom_ne de baIayage de foudre sur la perche avant. "



La figure 12 montre '_l'accrochage" de la foudre sur la perche arri_re.

r l, i, ",

• !
- fig. 12 -

I

Au_.cou.rs de [7vols, 13 enregistrements ont _t_ effectu_s. Les r_sultats ebtenus montrent que les va-

'leurs du _ourant mesur_ _estent _ l'int_rieur de l'enveloppe d6s courants mesur_s entre nuage et sol.

_Une pro_haine campagne de mesure est prgvue au cours de l'_tg 1980.

L_ Pigu_e 13 montre un enregistremen_ d'un coup de foudre t_ique.

x

j.

Echelle horizontale : I ms par division..

Echelle'vertlcale : 20 _ par division

•. 2

- ,fig. 13 -

5 - MOYENS DE SIMULATION.'_ENLABORAT01RE

La,,simuZatio_ en laboratoire de la foudre pose u_ probl_me technique ,.difficilement concevable _ l'heure

aetuelle : g_n_ration'simultan_e de tr_s 'haute tension et tr_s fort eourant.

Ce probl_me a _t'_ r_solu e_ s_parant les deux para_n_tres.

Un premier simulateur, g_n_rate_r de choc de 'tension (fig. 14) permet d'obtenir des impulsions de ten'slon.

1":

i.

i
;> ;

., iI il
-, ill

- fig.14 -
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Installdtion du CEAT, 5 millions de volts : l'arc _lectrique obtenu, 6 _ 7,m dellongueur permet de

:d_terminer les_points d'impact et los cheminements.

Un_deuxi_me simulateur_(fig.15) g_n_rateur de choe de eourant permet d'obtenlr des impulsions de courant
(in_tallat.lon_u CEAT, 200 O00A suivis,d'uneeomposanre continue de 500 Coulomb).

t, r ""

i

• !

.i

"_ ,'2",

/r

2'

- fig. 15 -

Le courant obtenu, inject_ aux points d'impact pr_alablement d_termin_s en choc de tenslon, permet

d'_valuer la tenue des structures. C'.est en ef_et le eourant qui provoque les et_dommagements sur los mat_-
'_:_O_x composites. ;_.

Le ph_nom_ne de balayage de foudre pout _tr% r_alis_, soit par d_placement (lin_aire ou circulaire) de

....." .... l"i_prouvett_',.,soi.t par soufflage de l'arc (soufflage magn_tique ou_s_ufflage d'air). ,

6- CARACTERISATION DE LA RESISTANCE AU FOUDROIEMENT DES MATERIAUX COMP.OSITE8

.Apr_s une mise en _vidence_de la vuln_rabilit_ des mat_riaux composites vis '_vis de la foudre, les
objeetifs des r_sultats pr_sent_s dans cette conference sont les suivants :

_- comparaison de la r_sistance _ la foudre des bore et earbone-_poxy
- _tude de l'.influence du mat_rian constituant l'ime en nid_d'abeille des structures sandwiches

. (alliage l_ger ou Nomex).
- _t'ude comparative des"syst_mes de protection
._"._val'uationobjective des endommagements
-" approche exp_rimentale du ph_nom_n_ r_el : fou'droiement avec balayage.

Si dans un premier temps, los essais ont _t_ r_alis_s sur des composites carbone et bore-_poxy, les
_exp'_•r_mentationsactuelles ne concernent plus que le carbone-_poxy.

'6_'I. R_sistance _ la foudre zompar_e des bore et carbone-_p.oxy

La difficult_ d'obtenir exp_rimentalemenu un transfert de charge _lectrique avec le bore-_poxy (non
conducteur), ne permet de co,parer los deux mat_riaux que vis _ vis d'un choe de courant soul (composante

"im_ulsionnel lq).

Los deux photos ci-apr_s montrent les d_g_ts obtenus sur d_ux plaques d'_paisseur _quivalente (I mm)
apr_s'::'unchoc de 200 kA sans transfert de charge.

,'.::._ _ [t__'_._: ..._."..:_?.'_; ,.__,._ _,.,',,_.=,



6.2. Influenqe du mat_riau eonstituant l'_me en nid d'abeille des structures sandwiches.

Les r_sultatsdi-apr_sont _t_ obtenusavecdes rev_tementg'encompositebora_1_'epaisseur I_mm,
et une _me en hid _'abeillemetalllqueou Nomex.

o_tag d'essai:

|,
F

i

Cat_et_ristiq_es de l'onde de foudre : choc de 50 kA sans trans_ert de charge. i

Le_s 111ustratlons 6i-apr_s montrent successivement_:
.I

- la vU_ de dessus 'des dommages

- une radlographie du nid d'abeiHe
- u_e doupe transversale de l'_.prou_ette apr_s essai .:

m_tallioue_. Nid d'abeille NOMEXNid d'abeille
i

v AG5
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Avec 1e nid'd'abeille NOMEX'non conducteur, l'.ame ne paratt que trl!s peu
·tev~tement est ~galement moins importante.

Ceii'resu1tats ont ete'cqnfirmes avec des peaux en carbone-epoxy.

'6.3. ::Etude comparative des systemes de protection'.

/~\
,':;;-~

ertdolll1Daglle, 1a perforation ~u

"

;~. Si on considere 'co~e ins.uffisant 1 'effet de paratonnerre .des encadrements metalliques, 1a protection
des structures en compo'site ne peut 's' obtenir qu' en rendant leur surface conductrice..;

:A cet effet, p1usieurs technologies.ont possibles:
\, j .. "

- c'ollag~ de feuillards i ou bandes metalliques (alliages d' aluminium. aeier inox et;c~)
- 'schoopage
~ pe{ntvres e1ectro-c6nductrices

"'-'" grilles
)'" . .

. 'Ap;es quelque'·s. es~ais preliminaires realises en 'France s.ur ces differents procedes, 1e sy-steme des
grillE!·s de bronze nous est iipparu COlmne ayant ~~meill~ur rapport masse surfa.cique/efficac~te.

Ii'

Une ~amp:agne d'essai realisee dans 1e cadre d'un programme de cooperation avec 1a RFA (I .• A.B.G.) nous a
permils d,'etudier plus precisement 1 'efficacite. de ce type de protection vis a"vis des differEmts parametres
de 1 'onde de foudre (choc de courant et transfertde charge). "

~ materia~;experiment~
- montage d'essait

.~.

carbone epoxy T300-N5208, en plaques monolithiques 8 plis orthogonaux (0,90°)

electrode

2 2' 2
de masses surfaciques 47 g/m - 80 g/m et 250 glm (p1acees sur une seu1e face,

"I~ ~

'.

- Protections:
~ • grilles de'~ronze

I. cote electrode).

Toutes 1es eprouvettes'ont ete peintes.

encadrement meta11ique

:Les illl\strationsdi-apre's permettent decomparer l'efficacite de ces ,protections vis a 'vis de'tr'ois
types pe f6Jdroiement.

chbC de 200 kA sans tr~nsfert ,de charge
- 'c~oc:de 2'00 kA avec"transfert de 210 Coulomb
-'Choc de 50 kA avec transfert de 50 Coulomb

,
t

':,

\.electrode

N8594

choc:200kA,
trainee: nulle

face

apposee.··

NO 595

,SOmm

pas

d'endommagement

Materiau: carbone - epoxy· T300 _ NS208

C' 8 pUs (0',90') symelriques

pas

d'endommagemenl

I",. <0'



sons protection

~'

cote

electrode

NS 982

~'9bseryation de ces photos permet de tirer les conclusions suivantes'

.>.

c~c:200kA

traine~: 210 C

face

opposee
;'·f "" ~

N8 *9; ,

sans protection'

':

electrode

N8985

foce .

N8995

Moteriou:corbone-epoxy T300 _ N5208

Mah~riau:corbone- epoxy T300 _ N5208

8plis (0'. 90') sYI~Hitriques

'.

, .
- La protection,n'appara!t.pas proportionnelle a la masse surfacique de -la grille, le5 dommages obtenus
~ ~vec 250 g!m2 sont superieurs a ceux constates avec 47 et 80 g!m2 (en particulier pour l'onde de·couran~).

- Tres efficace 'contre l' onde de chac de courant, la protection par grille de bronze ,; a peii d ',influence sur
Ie t~ansfert d'en~rgie (voir ~hocs 50 kA - 50 C)

6.4.;"Evaluation objective de), dommages structuraux provoques par la ·fotidre.

Le~ photos ~i-dessus o~t Dontre qu'un impact de foudre sur une plaque enmateriau composite se traduisait
par u~e perforation plus oumoins importante de cette plaque.

'Visuellement, l'aspect c.e ce dommage est tout a fait comparable a celui qui serait provoque par Ie choca
'bassetvitesse d'un projectile non sgive.

"Pour un carbone-epoxy, la perte locale de resistance statique due a l'effet de concentration des contrain
tes ~rovoque par 'un trou lisse est de l'ordre de 30 a 50 i. (suivant 1 'orientation des plis).

De "nombreux ~.s.:sais realises jusqu" a ce jour ont montre que Ie d€laminage dOes pHs amorce aux bords ·libres
d~ tro~.~ardes sollicitations de fatigue permettait de recuperer,une grande partie de cette perte locale de
resista&::e •

. D~ point de vue de l'ingenieur structure, Ie probleme est donc de savoir s'il"existe un dommage supple
mentiire au-dela de celui assimilable a une perforation par impact mecanique, et dont l~ perte locale de
resis·tan¢estatique serait au pire egale a celIe provoquee par un trou lisse •.

Afin de lever cett~ incertitude; des essais de resistance
: .prelevees dans les zone's'visuellement non endommageessituees

residuelle o~t et~ realises sur des
au voisinage immediat des impacts.-. .

eprouvettes

'Pour pouvoir acceder independamment aux proprietes a rupture "commandees" par les fibres ou la matrice.
"les l!'ssais ont ete realises sur des plaques a arrangement. orthogonal (0,900) avec prelevement des eprouvettes
pat;allelement et a 45° par rapport aux directions du renforcement.



L_

i

' Rupture "commandge" ..Rupture ".eommand_e"
.... par les fibres par la matrice

,. ,.. [_

, Quatre ehocs..identiq_es ont _t_ r'_al[s_s sur des plaques monolithiques 8 pl_, 4a 400 x 400 mm, a_e.e le
m_me montage d'essai que ei_dessus (cf, § 6.3.). _ " _ "• Deux prouvettes de tractlon de 200 x 125 mm ont pu _tre ainsi
pr_levges autour de chacun des impacts.

; ,. _ 290

t !. . ,.
': OI

t f

I

'I II

p//[

" / r 1
/ t I

,. b_/ .,s..L "

....... 400
l,,, t =

Cas de foud,rolement _tudi_s g

- 50 kA Plus $0 C Isans protection I 47.g/m2• _avee grille de bronze de 80g/m2. :,
;' (250 g/m2

- 200 kA plus 210 C, avee grille de bronze de_47 g/m2
" . _80 g/m2

• (

La photo ci-apr_s illustre le princ_pe du pr_l_vement des _prouvettes par rapport aux impact's. Solt au
voisinage imm_diat de I_ perforation, dans une zone g_n_ralement noircie suoerficiellement mais _u n'apparalt
en gurface,nl fibre couple, ni r_sine br_l_e.

.'Quelle que soi._ la configuration du'courant de foudre, et le type de protection, les r_sultats de ees

essays m_eaniques n'ont pas mis en _vidence un endommagement de la r_sistanee autre _ue eelui propre _ la
perforation.



6.5. Approche exp_rimentale du ph_nom_ne r_el-foudroiement avec balayage.

Les exp_rimentatlons en vol effectu_es sUr TRANSALL ont (ermis de mettre en evlae_ze d_placement de
l'impact de i_ foudre sur la structure de l'avlon.
.J i

Cet effet de balayage impliquant un transfert local d'_nergie moindre que dans une experimentation
statiqud;_ les don_nages provoqu_s seront de moindre importance.

Dans le but d'une simulation au sol plus fld_le, le C.E.A.T, a donc d_velopp_ un dispositif experimental

o_ I_ halayage est obtenu par rotation, devant l'_lectrode, d'un disque constituant l'_prouvette _ essayer.

.... La rel#rlse,de l'_nergie s'effectue.par l'axe d_ disq,e.

. Dans ce p'rincipe, la vitesse de balayage est vite llmit_e par les forces centrifuges et le diam_tre
.;maximum "raisonnab'le" de I'_prouvette.

Des essals ont pu _tre r_alis_s sur des disques en mat_riau composite de dlam_tre 600 mm avec une •
vitesse de |5 km/h au niveau de l'_lectrode.

Da_s ces conditions exp_rimentales, des r_sultats obtenus sur dlsques sandwiches avec _me NOMEX et peaux
en carbone-_poxy T300-N5208 8 plis, ont _d_montr_ l'_quivalence des don_nages entre les chOcs s_ivants ."

.- 200 kA - 150 C pendant 0,3 s. de balayage
:-200 l_A_.- 50 C sans balayage (statique)

Ces essais de foudroiement dynamique ont _galement permis de mettre en _vidence l'influence de la c_uehe
de pe'inture protectrice. "_

Le_s photos ei-dessous montrent l'effet de concentration des d_g_ts provoqu_ par une peinture non conductrlce.

C_nf_guration d'essal : 200 kA.,plus I'50C pendant 0,3 s'.avec';balayage 15 km/h.

,,,. , I!'
+ .. . . ,+.+

non peinte " pelnte ..........................
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7 - E,~SAIS ,DE FOUDROIEHENT SlJR STR1~CTURES REELLE.S

Leur ,obje/fti~ est la d~termination,despoints d' impact et des cheminements, de la foudre sur la structure, '
Ils per,mettent donc d 'evaluer 1 'efficacite des paratonnerres "naturels" constitues par les ferrures et en
cacitements, metalliques de la stt,ucture, ou artifidels (bandes conduetrices dispo~ees specialement pour capter
et eeouler Ie courant de fo~dre),

13-14

...,

','l, "

Ces essais realises sur des installations de choc de tension necessitent des evaluations complementaires
'etl choc de courant aUn de quantifier les risques de dommage reels dans les zones concernees par 1 'impact et
Ie cheminement, \, ;,

i
~e document ci-apres illustre

e~c:ixy,' "

'. ,
un essai d'efficacite de bande paratonnetre,segm~n~eesur un rad6m~ en verre-

,
• j" : ~a bande sU,r laquelle on distingue tres bien 1 'ecoulement de la foudreetait cpnstituee c1e pastilles ,conduc-
trices de f/J 2,S:mm 'el: distantes de 0,3 mm (fixation sur film de resine epoxy suivant principe des circu~ts im-

" prilnes)," ,.
\0'.,

•• '''-.~ oj.,',

Por te:_ antenne
metalli ue

.~.

~ande.,s ,
ara-foudre

Faux radar

Isolateurs

"
"

:8 ..: CONCLUSION

,,', Les premiers problemes de vulnerabilite des ma,teriaux composites ~ la foudre sont apparus avec'les radomes
et divers carenages d'antenpes en stratifie verre-epoxy. Ces problemes etaient et demeurent d'autant plus,
complexes 11 resoudre 'que leur solution va toujours a 1 'encontre des imperatifs de permeabilite magnetique pro
pre'S 11: ce type de structure,

, <'Au debut des annees 70, pour la premiere generation de pieces structurales en materiaux composites 'haut
:nodule (gouvernes et caissons "d' empennages) sans imperatif de permeabili te magnetique, des systemes' de protec
tion simples tels que des bandes coUductrices en clinquant ont ete systematiquel!1ent. prevus. '

Vu la surface relativement petite de ces structures, leur position sur l'avion et 1 'importance des enca
dr,ement: mi!ta.lliques" Ia probabiHte d 'un impact de foudre direct sur Ie ,composite est tres faible; Ces protec
t~ons lourdes se sontdonc averees rapidement superf1ues,

"

t'evolution actuelle des applications v~rs des structur~s-beauco~pplus importantes (derives, voilures) ave
. ,beaucqup moins de parties metalliq,ues remet Ie probleme de la sensibilite a la foudre au "gout du jour".

/ (ytgToute.fOiS, aux domm,ages !j.tructuraux directs s' ajoute maintenant Ie ptobleme de l' o'uverture dil!1ectrique cree
) I r.jpar c~s elements" ',et l~sh, is,<jues,, de ,destruction ,des ,c, ir, c}1i, ts l!1ec,triCiues si tile,s a, l' interieur, qui en, d"e, co,ulent,i I \ Dans!' avenir, iLest~'nItme"probable que c'est SOugee del,lxiemeaspect, que se posera essentifi!l~ement Ie probleml

" "du foudroiement des structures 'en materiaux composites, ' '
~..:;

Les resultats obtenus en laboratoire sur c~s materiaux q~t demontre qu'un impact d~ fqudre etait assimilabJ
" a ~"e 1egere perforation par choc mecanique, dont l' amp leur 'pouvi\i t ~,tre c:onsiderablement redui tepar l' utilis•

•:,tions de, protections simples ef 1egeres, Au niveau de sa "conception, 'ia structure devra done pouvoir tolerer d,
tels dommages. Cependant, i1 nous reste encore a acquerir une experience comp1ementaire au niveau des'liaisons,

, de,S peaux mono1lthiques epaisS,es susceptibles de contenir du carburan,t, et du foudroiement des structures SOU5
contrainte mecanique"
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LIGHTNING DISCHARGE FEATURES

A : High peak currents.
i

B. Continuing currents

A

, A

B
B

_ime

Total duration :,some msec to 1.5 sec.

-°

• °



AIRCRAFT LIGHTNING EFFECTS

DIRECT EFFECTS • MECHANICAL DAMAGING OF THE STRUCTURE,
BURNING, ERODING, BURSTING UNDER HIGR PRESSURE DUE TO

THE FAST MATERIAL THERMAL VAPORIZATION, BLASTING ETC...
!

' WAVEFORM PARAMETERS INVOLVED

1 - HIGH PEAK CURRENT

- I max

- Action integral Ji2.dt

2 - CONTINUING CURRENT

- ! max

- Duration

- Charge transfer Ji.dt



_°

AIRCRAFT LIGHTNING EFFECTS

INDIRECT EFFECTS" DAMAGE OR •UPSETOF ELECTRICAL EQUIPMENT

AND AVIONIC, RESULTING FROM THE ELECTROMAGNETIC FIELDS
ASSOCIATED WITH LIGHTNING.

WAVEFORM PARAMETERS INVOLVED

- HIGH PEAK CURRENT

- Rate of rise • di
dt

I max

AGAINST INDIRECT DAMAGES, SHIELDING EFFECT BY CONDUCTIVE

STRUCTURE COMPONENTS IS THEREFORE VERY IMPORTANT.

. .L



DATA FOR

A NORMAL CLOUD-TO-GROUND

HGHTNING DISCI4ARGE,

AVERAGE EXTREME
: HIGH PEA K._C__U_RE_EEN__T_

. I max. (kA) 40 200

di (_kA_) lO 100
*_i_ " ps

./i.dt .(C) 10 100

___,/i'. at_____ .(lo6.A'.sec) 0,1 10
_ONTINUING CURRENT

• . I max. (kA) 1 5

. Duration.(msec) 50 800

./i.dt2 . ( C ) 50 250

t



C.E.A.T. LIGHTNING TEST FACILITIES

0,5 -. " .•__ ..

- Attachment points and current path determination on

models or full size components.

- Dielectric materials evaluation
XV1 _c__ • • :

0,8 -- _

Characteristics:

- HiGH VOLTAGE IMPULSE GENERATOR (5 MV)

PURPOSES:

12 . 50 . t(}Js)

. ".

.,.



C.E.A.T. LIGHTNING TEST FACILITIES

-HIGH PEAK CURRENT AND HIGH CHARGE

TRANSFER GENERATOR.

PURPOSE:
i

- Amount of direct and indirect effects determination.

I (kA)J
o

2OO

,Characteristics :

5C

50OA

151Js lsec .i i_

\



INVESTIGATIONS ABOUT

LIGHTNING p,.ROTECTIVE
_0ATINGS.

,i (BRONZE WIRE FABRIC SYSTEM)
d

PANELS :CARBON/EPOXY

LAMINATE T300/N5208

8 PLIES 0°, 900 )

,_'. Qischarge prObe
_, SETUP ..........................

il rest panel Z/_q .:: ': " _/_/V_

• PARAMETERS

_, -D,SC.ARG__ [....._okA ]_ o
, t. _OO.A]L--5--.;'oc

•p..AMETE.SI [---g_-i;--g_____J 5oc

PROTEC'[IDNS _ . UNPROTEC]ED [_" 47 g/nt t
m

t - BRONZE WIRE FABRICS --_- 80 g/m _/
=+250 g/m _/.

]

i
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INVESTIGATIONS ABOUT LIGHTNING
PROTECTIVE COATINGS

(BRONZE WIRE FABRIC SYSTEM)

RESULTS AND CONCLUSION

EFFECTIVENESS IN NOT IN PROPORTION TO

THE BRONZE FABRIC MASS PER UNITAREA. OTHER

PARAMETERS LIKE WIRE DIAMETER OR SPACING

MAY PROBABLY INFLUENCE IT.

VERY ACTIVE AGAINST CURRENT PEAKS,

BRONZE FABRIC COATING IS ALMOSTINEFFECTIVE

AGAINST CHARGE TRANSFER.



EXPERIENCE GAINED WITH PANEL
LAMINATE LIGHTNING TESTS

1 - TYPICAL RESPONSE OF BORON AND

CARBON/EPOXY TO A HIGH PEAK CURRENT

2 • INFLUENCE OF HONEYCOMB CORE MATERIAL

3 - INVESTIGATIONS ABOUT LIGHTNING PROTEC

TIVE COATINGS

4 - ACTUAL STRUCTURAL DAMAGING ASSESS

MENT

5 - EXPERIMENTAL APPROACH OF NATURAL PHE

NOMENON, SWEPT~SrROKELIGHTNING TESTS

- .-t. - . '~~

OJ
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"" ACTUAL STRUCTURAL DAMAGING ASSESSMENT
PROBLEM: DOES STRUCTURAL DAMAGING EXTEND BEYOND.

WHAT HAS BEEN OBVIOUSLY DAMAGED.'?

TO ANSWE,B: ASSESS ,.-RESIDUAL MECHANICAL CHARACTERISTICS
IN THE NEAREST BUTVISUALLY UNDAMAGED AREAS
OF THE OBVIOUS DAMAGE

FIBER CONTROLLED PROPERTIESMATRIX CONTROLLED PROPERTIES

USING SPECIMENS WITH ORTHOGONAL (0%90 °) REINFORCEMENT,
wE CAN OBTAIN:

FIBER CONTROLLED MATRIX CONTROLLED

RESlDUAL STRENGTH RESIDUAL STRENGTH



ACTUAL STRUCTURAL

DAMAGING ASSESSMENT

TESTS

.P.,AN ELS •CAR BO N/EPOXY

; LAMINATE T300/N5208

8 PLIES (0 o, 90 o)

S ETU P Dz'_sfb_a__rg_eprQ#_e_

....::,iii:iiiil;i:jli!i:'i;iii!!;::il;° !i:ii!i,;i;!!!:"_Z frame

• ' PARAMETERS
DISCHARGE PROTECTION

...t. UNPROTECTED

50 hA ,and500 _[ 47g/m7

_ _ 80glint'

[ 250g/m_

200 kA and 210C BRONZE WIRE 47g/m z

' FABRIC 80g/m:_



ACTUAL STRUCTURAL DAMAGING ASSESSMENT

RESULTS • WHATEVER TEST PARAMETERS, WE COULD NOT DETECT

ANY STRUCTURAL DAMAGE EXTENDING, BEYOND WHAT HAS BEEN

OBVIOUSLY DAMAGED.

CONCLUSION : FOR DESIGN, STRUCTURAL DAMAGING CAUSED BY
A LIGHTNING STRIKE ON A CARBON/EPOXY LAMINATE CAN BE COMPARED

TO A COMMON MEGHANICAL IMPACT, INDUCING A STRESS

CONCENTRATION GENERALLY ' LOWER THAN THAT OF A DRILLING.
-,
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EXPERIMENTAL APPROACH OF NATURAL PHENOMENON

DYNAMIC SWEPT-STROKE LIGHTNING TESTS

NATURAL LIGHTNING STROKES OBSERVED ON AIRCRAFTS USUALLY

DISPLAY A ,,SWEEPING,, OF THE ATTACH POINT ALONG THE STRUCTURE.

THAT INVOLVES A REPARTITION OF CHARGE TRANSFER ON

SEVERAL POINTS WITH GENERALLY A MAXIMUM ON THE LAST ATTACH

POINT (EXIT POINT).

- TO REPRODUCE THIS SWEPT-STROKE EFFECT, A SPECIAL APPARATUS

FITTED WITH A DISK SPECIMEN TURNING IN FRONT OF THE

DISCHARGE PROBE HAD TO BE OEVELOPED. _-/_-_/__ _ __ -_-_

. i

. .. -o .- • .. ". . .
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INVESTIGATIONS ABOUT JOINT RESPONSE TO,

A SIMULATED LIGHTNING

TYPICAL JOINTS TESTED

(9 i (9
I

X:_ : 'TiI

__ 7 i,,, _,_L/>.':/.-V./'i: , i i' i _,D//A_I//./.'./"/,!"//.",.i
_ I , : ] 1 _ [r_,I'J [ J:J'._" IS'_

_:1 :_;]-!_'i:'!.u'"l::'_"_'._',:,_, - ' '" _'%XX" \_" _ _ "A[

(9 _ reinforcement
_-_with borenplies

--- _ AI
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": INyESTIGATIONS ABOUT JOINT RESPONSE

,TO,ASIMULATED LIGHTNING

.T..E.STPROCEDURE

EACH SPECIMEN HAD TO UNDERGO SEVERAL CONSECUTIVE

' INCREASING VALUES OF A SINGLE HIGH PEAK CURRENT

(25, 50, 75, 100, 125, 150and 200 kA), THEN A 500 C CHARGETRANSFER,
EXCEPT IF MEANTIME A BREAK HAD OCCURED.

,Program performed by _AEROSPATIALE,,(SURESNES Ets}and

sponsored by Service Technique des Programmes A_ronautiques.

. .. ...... _. .......

, o.
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-: INVESTIGA.TIONS ABOUT JOINT RESPONSE TO|

A SIMULATED LIGHTNING

RESULTS AND CONCLUSION

- WITH SHEET COMPONENTS •

BOLTED JOINTS.GOOD BEHAVIOR. CONDUCTIVE FILLERS
OR ADHESIVES DIDN'T IMPROVE IT.

- BONDED JOINTS. BAD BEHAVIOR IF OVERLAYING HAS NoT
BEEN SPECIALLY DESIGNED FOR.

-.WITH SANDWICH COMPONENTS-

- TYPE 5 (INSERT) : SATISFACTORY BEHAVIOR.

-TYPE 6 (BORON PLIES REtNFORCEMENT): BAD BEHAViOR,
MANY DELAMINATiONS.

!
, .... ° _ . °

"I

°.



CONCLUSIONS (1)

Because of their small surfaces, and their localisation on the air-

crafts, present composite structures are not very subjected to

lightning strikes.

Further applications as wing box could be of greater concern,

particulary with respect to dielectric apertures provided by com-

posite skins.

...... . ............. .........



AIRCRAFT LIGHTNING

ATTACHMENT ZONES

f..j___.:__ .................._______f,

\

oNZP_E__!"
HIGH PROBABILITY OF DIRECT LIGHTNING

ATTACHMENT OR EXIT

_:ONE2 :

HIGH PROBABILITY OF SWEPT-STROKELIGHTNING FROM A ZONE I POINT OF

DIRECT FLASH ATTACHMENT

--_ ALL AREAS OTHER THAN THOSE CO-VERED BY ZONES 1 AND 2. HOWEVER,

THOSE AREAS MAY HAVE TO CARRY

AMOUNTS OF CURRENT BETWEEN

ATTACHMENT POINTS



i.

CONCLUSIONS(2)

4;.*'

Compared with aluminium, advanced carbon/epoxy structures

are:

..... More__sensitive tohighpeak-c-u rrents ___..--) ..............

Less sensitive to continuing currents ( CC )

HPC can produce a limited damage comparable with a common

_ mechanical impact. But irl most cases, lightweight coatings as

bronzewire fabric can prevent it.

\

.. • .° _......

'i
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CONCLUSIONS(3)

Dielectric paints are deleterious to that coating effectiveness.

Bonded joints overlaying has to be specifically designed, for.

Bolted joints display a good behavior.

i

Q


